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Abstrak 
Tujuan: Menggambarkan pengukuran anatomis tuba Eustachius normal pada pencitraan Computed 
Tomography (CT) tulang temporal. Metode: Ini adalah penelitian deskriptif tuba Eustachius normal dengan mengukur 
diameter pretimpani, sudut tubotimpani dan panjang pars kartilago tuba Eustachius normal menggunakan teknik 
rekonstruksi multiplanar pada pencitraan CT tulang temporal dari 58 sampel di beberapa rumah sakit di Makassar. 
Semua sampel dibagi lagi menjadi kelompok laki-laki dan perempuan, serta kelompok sisi  kanan dan kiri. Kami juga 
membagi sampel menjadi 6 kelompok usia. Hasil: Rerata diameter pretimpani pada kelompok pria adalah 4,62 mm 
dan pada kelompok wanita adalah 4,36 mm. Rerata diameter pretimpani adalah 4,59 mm pada kelompok sisi kanan 
dan 4,36 mm pada kelompok sisi kiri. Rerata sudut tubotimpani adalah 143,5o pada kelompok pria dan 143,3o pada 
kelompok wanita. Nilai rerata sudut tubotimpani tidak memiliki perbedaan di kedua sisi telinga. Rerata panjang  pars 
kartilago tidak memiliki perbedaan antara kelompok pria dan wanita dan juga antara sisi kanan dan kiri. Simpulan: 
Diameter pretimpani lebih besar pada kelompok pria dan kelompok sisi kanan. Sudut tubotimpani dan panjang 
kartilago tuba Eustachius tidak memiliki perbedaan yang signifikan pada semua kelompok. 
Kata kunci: tuba eustachius, diameter pretimpani, sudut tubotimpani, panjang kartilago, CT tulang temporal 
 
Abstract 
Objectives: To described the anatomical measurement of normal Eustachian tube on the temporal bone 
Computed Tomography (CT) imaging. Methods: This was a descriptive study of a normal Eustachian tube that 
measured the pretympanic diameter, tubotympanic angle and cartilage length of normal Eustachian tube using 
multiplanar reconstruction technique on temporal bone CT imaging of 58 consecutive samples at several hospitals in 
Makassar. All samples were subdivided into male and female groups and also into the right side and left side groups. 
We also subdivided the samples into 6 groups of age. Results: The mean of pretympanic diameter was 4,62  mm in 
the male's group and 4,36  mm in the female's group. The mean of pretympanic diameter was 4,59  mm in the right 
side group and 4,36 mm in the left side group. The mean of tubotympanic angle was 143,5o in the male's group and 
143,3o in the female's group. The mean of tubotympanic angle had no difference in both sides of the ear. The mean of 
cartilage length had no difference between male’s and female’s group and also between the right side and left side 
group. Conclusion: Pretympanic diameter was greater in the male's group and right side group. Tubotympanic angle 
and cartilage length of Eustachian tube had no significant difference in all groups. 
Keywords:  Eustachian tube, pretympanic diameter, tubotympanic angle, cartilage length,  temporal bone CT
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Knowledge of the structure and function of the 
Eustachian tube system is necessary to understand 
the pathogenesis of middle-ear diseases.1 The 
Eustachian tube is very important in pathogenesis and 
management prognosis because Eustachian tube 
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disease.2 The main function of the Eustachian tube is 
ventilation and drainage of the middle ear. Variation in 
its anatomical position is believed to be a predisposing 
factor for Eustachian tube dysfunction.3  
The Eustachian tube is part of a system of 
contiguous organs, including the nose, pharynx, 
palate, middle ear, and mastoid air cells.4 The 
Eustachian tube consists of three parts, namely the 
osseous portion, the cartilage portion, and the 
junctional portion.  The junctional portion is located 
between the two parts mentioned earlier.3,5 The 
cartilaginous portion is proximal and opens into the 
nasopharynx, and the osseous portion is distal and 
opens into the anterior middle ear. The junctional 
portion is a part of the tube at which the cartilage and 
osseous portions connect, which was previously 
thought to be the narrowest part of the tubal lumen 
called the isthmus.5,6  
The Eustachian tube usually opens three or four 
times per minute. It is opened by swallowing to allow 
the distribution of pressure between the middle ear 
and pharynx. Impaired patency of the tube causes a 
relative negative pressure in the middle ear.3 
Dysfunction of the Eustachian tube system has a 
direct role in the pathogenesis and management of the 
middle-ear disease.6  
Radiological evaluation using computed 
tomography (CT) modalities is important when 
evaluating the middle ear and mastoid.7 The 
multiplanar reconstruction technique has made it 
possible to obtain images that are parallel or 
perpendicular to the long axis of the Eustachian tube 
so that it is useful to better understand the anatomy 
and diseases associated with the Eustachian tube. 
Measurement of the multidimensional parts of the 
Eustachian tube can provide a complete picture to 
understand  the condition and function of the tube and 
to predict the prognosis of middle ear diseases.8,9 
 
METHODS 
This is a descriptive study of a normal Eustachian 
tube. We measured the pretympanic diameter, 
tubotympanic angle and cartilage portion length of 
normal Eustachian tube using the multiplanar 
reconstruction (MPR) technique on temporal bone CT 
imaging of 58 consecutive samples. All samples were 
patients who came to the hospital with complaints of 
middle ear discomfort in one ear who underwent 
temporal bone CT scan.  This study is a part of a large 
study that measures the comparison of Eustachian 
tube in patients with safe and dangerous types of 
suppurative chronic otitis media, but what is sampled 
in this study is the normal ear side.  
The research was conducted at Wahidin 
Sudirohusodo Hospital, Hasanuddin University 
Hospital and Jaury Academic Hospital in January 2018 
to December 2019 period until the number of samples 
was fulfilled. Exclusion criteria in this study were 
tumors of the temporal bone, nasopharyngeal tumors, 
history of temporal bone trauma, history of temporal 
bone and neck surgery, congenital head and neck 
abnormalities (such as low set ears, micrognathia, cleft 
palate, craniosynostosis, etc.), hypertrophy or 
persistent adenoids, nasopharyngeal tumors and 
history of the previous mastoidectomy and 
tympanoplasty. 
All samples were subdivided into male and 
female groups and also into the right side and left side 
groups. All samples in this study were aged ten years 
and over, which were further divided into six age 
groups. Group 1 was a sample of 11-20 years old, 
group 2 was 21-30 years old, group 3 was 31-40 years 
old, group 4 was 41-50 years old, group 5 was 51-60 
years old, group 6 was over 60 years old.  The age 
division of groups was intended to describe the 
distribution of samples taken in this study. The reason 
why the sample was chosen is ten years old and 
above is because the ear structure is considered 
mature as the ear structure in adults.10 
The measurements compared in this study are 
the values obtained in the male and female groups, as 
well as the values obtained on the right side and left 
side. In addition to comparing the picture of the normal 
Eustachian tubes in these groups, this study also 
determined the mean value in the Eustachian tubes of 
each group to be a useful source of information in the 
diagnosis and treatment of diseases of the middle ear. 
The Eustachian tube is a structure that cannot be 
seen in plain view. This is because of its deep position, 
so it can’t be seen by otoscopic examination. Even 
during the intraoperative period, this structure can’t be 
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be easily evaluated using a CT imaging. The osseous 
portion of the Eustachian tube can be directly seen on 
axial or coronal slices. The full diameter of the 
cartilage portion of the tube can only be seen on the 
axial view.  Most of the time, the cartilage portion of 
the Eustachian tube is in a closed state at the time of 
evaluation, so that this structure will only be seen in 
coronal slices and reformates. We can measure the 
length of the cartilage part using the multiplanar 
reconstruction technique. The anatomical 
measurement of the Eustachian tube in terms of 
diameter, length and angle can be assessed by 
regular protocol examination of temporal bone CT 
imaging. 
There were 3 parameters measured in this study, 
namely pretympanic diameter, tubotympanic angle and 
length of the cartilage portion. The pretympanic 
diameter is the largest diameter of the pretympanic 
segment, which is the most lateral segment of the 
Eustachian tube, expressed in millimeters (Picture 1).  
 
 
Figure 1. Right pretympanic diameter is measured on 
an axial view of temporal bone CT (marked with a red 
line). 
 
The tubotympanic angle is the angle formed by 
the long axis through the external acoustic canal and 
the long axis through the Eustachian tube (Picture 2). 
Both pretympanic diameter and tubotympanic  angle 
were measured on the axial view of temporal bone CT 
imaging. The length of the cartilage portion is the 
distance between the bony eminence at the 
caudamedial end of the Eustachian tube and the end  
of the tuberous torus measured on a coronal view of 
temporal bone CT imaging using multiplanar 
reconstruction technique, expressed in centimeters 
(picture 3). All CT images were obtained using 125 
mAs and 120 kV with multi-detector row CT scanners. 
Images were taken parallel to the orbitomeatal line and 
slide thickness varied slightly between 0.5 mm and 0.6 
mm. The window level was 600 HU and the window 
width was 3200 HU. 
 
 
Figure 2. Measurement of bilateral tubotympanic 
angles on an axial view of temporal bone CT. The right 




Figure 3. Length of cartilage portion of right 
Eustachian tube is measured on coronal reformat after 




Demographic data of the sample consisting of 
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sample of this study consisted mainly of men (53.4%). 




Table 1. General characteristics of the study 
participants 
      Characteristics  n   % 
Gender 
    Male 
    Female 
Age (years) 
    11-20 
    21-30 
    31-40 
    41-50 
    51-60 
    >60  
Ear side 
    Right 





























Table 2. Mean and p-Value of Eustachian Tube 
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Table 2 shows the mean and p-value of the three 
measurement parameters for each group. 
Comparisons between each group we studied using 
an independent sample T-test. The mean of 
pretympanic diameter was 4,62  mm in the male's 
group and 4,36  mm in the female's group. The mean 
of pretympanic diameter was 4,59  mm in the right side 
group and 4,36 mm in the left side group. Pretympanic 
diameter in men is greater than in women, with an 
insignificant difference. It was also greater in the right 
ears group than in the left ears group with an 
insignificant difference. The mean of tubotympanic 
angle was 143,5o in the male's group and 143,3o in the 
female's  
group, with an insignificant difference. The mean of 
tubotympanic angles in the two groups of ears has no 
difference, which was 143.4o. The mean cartilage 
portion length was  2.67 cm in both men and women. 
The mean cartilage portion length of the Eustachian 
tube in the right side group was 2,66 cm and in the left 
side group was 2,69 cm. The mean cartilage length is 
greater in the left side group than in the right side 
group with an insignificant difference. The p-value in 
all groups is more than 0.05, which indicates that all 
differences in values in each group are not significant 
enough. The smallest p-value is owned by the 
pretympanic diameter in gender groups (p = 0,14). 
This shows that the difference in pretympanic diameter 
in gender groups has a value that can be considered. 
 
DISCUSSION 
Radiologic evaluation, especially CT is essential 
when preoperatively evaluating the middle ear and 
mastoid. The recently developed multiplanar 
reconstruction technique has made it possible to 
obtain images parallel or perpendicular to the long axis 
of the Eustachian tube.11,12 This study shows the 
results of the measurement of several dimensions of 
the Eustachian tube on temporal bone CT imaging. 
The osseous part of the Eustachian tube is always 
open at all times in people with a good middle ear 
condition, in contrast to the cartilaginous part, which 
will be closed at rest and open during swallowing or 
when the Valsalva maneuver is performed. The 
pretympanic segment of the Eustachian tube lies 
entirely within the petrous portion of the temporal bone 
and is directly related to the anterior wall of the 
superior part of the middle ear. 
Our study shows that the mean value of 
pretympanic diameter in men is greater than the mean 
value of it in women, with a difference that is not so 
significant. In the measurement of tubotympanic angle, 
the difference is not that much difference between 
men and women. There is no difference in the 
measurement of the cartilage portion length between 
men and women. The insignificant differences in all 
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group and women group show that the condition and 
anatomical   position of   the  Eustachian tube  are not  
affected by gender. A study conducted by Lih et al 
(2017) shows there is no difference between middle 
ear function in men and women.13 Our study supports 
the results obtained in that study because it is said that 
the size and condition of the Eustachian tube are 
believed to affect the function of the middle ear more 
than the gender predisposing factor.13,14,15 
In this study, we obtained that the pretympanic 
diameter in the right ear is greater than in the left ear, 
although with a difference that was not significant. The 
greater the pretympanic diameter is assumed that the 
better the Eustachian tube function.5,16 A study 
conducted by Keefe et al showed that the hearing 
function of the right ear was more dominant than the 
left ear.17 A greater pretympanic diameter value in the 
right ear than the left ear obtained in our study 
supports the results of that study. Reduction of the 
size of pretympanic diameter can be one of the 
predisposing factors for the development of chronic 
suppurative otitis media.18 The tubotympanic angle 
and cartilage portion length do not have differences on 
both sides of the ear. 
Experts believe that the human race and body 
size influence the size of the Eustachian tube.17,19 
There are several imaging studies about the middle 
ear and Eustachian tube that have been conducted in 
Indonesia, but this study provides more detailed 
information on multidimensional measurement of 
Eustachian tube that represents Indonesian people.20 
From studies that have been reported in Indonesia, 
there has never been a complete evaluation of 
Eustachian tubes in the form of pretympanic diameter, 
tubotympanic angle and length of cartilage portion. 
The results of this study, it is expected to provide the 
basic data on the anatomical state of the Eustachian 
tube, in the form of pretympanic diameter, 




The mean value of pretympanic diameter in men 
is greater than in woman. The mean value of 
pretympanic diameter in the right ear is greater than in 
the left ear. The mean value of the tubotympanic angle 
both in the right ear and left ear had no significant 
difference. Similarly, the mean of tubotympanic angles 
in men and women has almost the same value. There 
was no difference in cartilage length in men and 
women. This value was also almost the same in the 
right ear and left ear. The p-value in all groups is more 
than 0.05, which indicates that all differences in values 
in each group are not significant enough. However, 
through this research, we can get a picture of the 
multidimensional measurement of the Eustachian tube 
in Indonesian people. 
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